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Abstract 



Education researchers and policymakers agree that teachers differ in terms of 
quality and that quality matters for student achievement. Despite prodigious amounts of 
research, however, debate still persists about the causal relationship between specific 
teacher credentials and student achievement. In this paper, we use a rich administrative 
data set from North Carolina to explore a range of questions related to the relationship 
between teacher characteristics and credentials on the one hand and student achievement 
on the other. Though the basic questions underlying this research are not new — and, 
indeed, have been explored in many papers over the years within the rubric of the 
“education production function” — the availability of data on all teachers and students in 
North Carolina over a ten-year period allows us to explore them in more detail and with 
far more confidence than has been possible in previous studies. We conclude that a 
teacher’s experience, test scores and regular licensure all have positive effects on student 
achievement, with larger effects for math than for reading. Taken together the various 
teacher credentials exhibit quite large effects on math achievement, whether compared to 
the effects of changes in class size or to the socio-economics characteristics of students, 
as measured, for example, by the education level of their parents. 
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Education researchers and policymakers agree that teachers differ in terms of 
quality and that quality matters for student achievement. The problem is that it is difficult 
to measure teacher quality. One strategy used in a number of recent empirical studies is to 
use teacher fixed effects in an equation explaining variation in student achievement. The 
variation in these estimated fixed effects is then interpreted as the variation in teacher 
“quality.” Emerging from such studies is the general consensus that a one standard 
deviation difference in the quality of teachers as measured in this way generates about a 
0.10 standard deviation in achievement in math and a slightly smaller effect in reading. 
(Rivkin, Hanushek and Kain 2005; Rockoff 2004; Aronson, Barrow and Sanders 2003). 
Of more direct interest for policymakers, however, would be knowledge about which 
specific characteristics or credentials of teachers are most predictive of student 
achievement. Such information would enable policymakers concerned about either the 
overall level or the distribution of student achievement to design better licensure, salary 
and other teacher policies. 

Despite prodigious amounts of research, debate still rages about the effect of 
specific teacher credentials on student achievement. Recently some researchers have tried 
to explain the variation in teacher “quality” (measured as just described by the variation 
in estimated intercepts) by variation in teacher credentials, but data limitations have often 
limited the analysis to only a few teacher credentials, such as teacher experience. The 
more traditional approach is simply to estimate in one step the relationship between 
student achievement and teacher credentials. Many such studies focus primarily on 
credentials such as years of experience or graduate degrees that have budgetary costs (see 
meta-analyses of such studies by Hanushek 1997; and Hedges, Laine, and Greenwald 
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1994). Others focus on particular credentials such as licenses or National Board 
Certification (Goldhaber and Brewer 2004; Goldhaber and Anthony 2005). We pursue 
this more direct approach in this paper. 

Specifically, we use a rich administrative data set from North Carolina to explore 
a range of questions related to the relationship between teacher characteristics and 
credentials on the one hand and student achievement on the other. Though the basic 
questions underlying this research are not new — and, indeed, have been explored in 
many papers over the years within the rubric of the “education production function” — 
the availability of data on all teachers and students in North Carolina over a ten-year 
period allows us to explore them in more detail and with far more confidence than has 
been possible in previous studies. Particularly relevant to this study is that North Carolina 
has been testing all students in reading and math from grades three to eight since the early 
1990s and that the tests are closely linked to the state’s Standard Course of Study. Thus, 
students in North Carolina are being tested on the knowledge and skills that the state 
wants them to know. Further, the existence of a relatively sophisticated test-based 
accountability system gives teachers strong incentives to teach them that material. 

The teacher credentials in which we are most interested are those that can be 
affected in one way or another by policy, either through incentives to induce teachers to 
change their credentials (such as by offering higher pay to teachers with master’s 
degrees), by setting the rules on who can become a teacher (such as by licensing 
requirements), or by fonnal or informal decisions that determine how teachers with 
stronger or weaker credentials are distributed among schools. Ultimately, we are 
interested in determining what teacher-related policies are most likely to promote student 
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achievement and to reduce achievement gaps between various groups of students (such as 
minority and white students, or low-income and more affluent students). Given that 
spending on teachers constitutes such a large share of education budgets and that 
effective teachers are currently so unevenly distributed across classrooms, additional 
research on the link between teacher credentials is both valuable and important for 
education policy. 

This paper builds on our previous cross-sectional research on teacher credentials 
and characteristics (Clotfelter, Ladd and Vigdor 2006). In that study, we used a portion of 
the same North Carolina data to estimate a model of fifth grade student achievement in 
2002, paying particular attention to the sorting of teachers and students among schools 
and classrooms. Emerging from that research was abundant evidence that teachers with 
stronger credentials tend to teach in schools with more advantaged and higher performing 
students and, to a far lesser extent, that similar matching occurs across classrooms within 
schools. As we document in that paper, without careful attention to this nonrandom 
matching of teachers to students, the estimated effects of teacher credentials on student 
achievement are likely to be biased upward. A major purpose of our earlier paper was to 
show how a large administrative data set can be used to overcome such statistical 
problems in cross sectional analysis. After making the appropriate statistical adjustments, 
we concluded that the two credentials most consistently linked to student achievement 
were teacher experience — with the largest effects emerging within the first few years of 
teaching — and teacher test scores. 

This new research differs in its use of longitudinal data covering all the North 
Carolina students in grades 3,4, and 5 in years 1995-2004 for whom we can identify their 



5 




teachers of math and reading. As a longitudinal study, this paper builds most closely on 
Jonah Rockoff s (2004) study of the impact of individual teachers for three districts in 
New Jersey, and Hanushek, Kain , O’Brien and Rivkin’s (HKOR) (2005) study of the 
market for teacher quality that is based on data for one district in Texas. We are working 
with richer and larger data sets than Rockoff and HKOR since our data cover a whole 
state. Moreover, we have better achievement measures than in HKOR, and richer sets of 
teacher credentials and student characteristics than in either Rockoff or HKOR. We 
believe that the North Carolina data set is the only statewide data set that pennits the 
matching of student test scores to specific teachers. 

Our basic approach is to estimate a variety of models beginning with a standard 
value-added model in which student achievement in the current year is estimated as a 
function of the student’s achievement in the prior year, and student, teacher, and 
classroom characteristics in the current year, and progressing to models that include 
student fixed effects. These fixed effects, which can be included only when longitudinal 
data are available, provide powerful protection against the left-out variable bias that 
typically plagues research of this type. By controlling for the time-invariant 
characteristics of students that may affect achievement - both those that are observed and 
those that are unobserved - the fixed effect approach eliminates many of the statistical 
problems that arise in a linear model because of the non-random matching of teachers to 
students. 

The reliance on longitudinal data is also advantageous in that it permits us to 
explore in some detail the mechanisms through which teacher credentials exert their 
impacts. As one example, in our previous cross sectional work, we were not able to 
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determine if our finding of a positive relationship between years of teaching experience 
and student achievement was the result of individual teachers becoming more effective as 
they gained experience or of higher rates of attrition for lower-quality than for higher 
quality teachers. With longitudinal data, we are able to shed additional light on that issue. 
Other examples include the potential for more detailed analysis of the effects of master’s 
degrees, licensure policies, and National Board Certification. 

The rest of the paper is structured as follows. In section II we present our 
conceptual framework. In section III we describe the North Carolina data with particular 
attention to the challenge of identifying the correct math and reading teachers for each 
student. Section IV presents our results for five basic models and section V puts the 
estimated magnitudes into perspective. In section VI we explore a number of elaborations 
of the basic model that permit us to generate greater insights into the mechanism through 
which the various credentials affect student achievement. The paper ends with a brief 
concluding discussion. 

I. Empirical framework 

The starting point for our analysis is the observation that education is a cumulative 
process. In the context of a very simple model in which the only component of education 
that matters is teacher quality and in which all other determinants of achievement such as 
student background, ability, and motivation are set aside, we can write 
A it = f(TQ it , TQ; t _i, — ) + error 

where A refers to student achievement and TQ refers to teacher quality. This equation 
expresses student i’s achievement in year t as a function of the quality of her teacher in 
that year and in all previous school years plus a random error. 
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Two additional assumptions permit us to transfonn this relationship into one that 
can be used to estimate the effects of teacher quality in year t on the student’s 
achievement in year t, controlling for the effects of teacher quality in all prior years. One 
assumption is that the effect of teacher quality on a student’s achievement in the 
contemporaneous year is constant across years and that the relationship is linear. The 
second is that any decay in student achievement, or knowledge, from one year to the next 
occurs at a constant rate. As a result, the rate at which a student’s knowledge persists 
from one year to the next is also constant. Letting P be the effect of TQ and a the rate at 
which knowledge persists, we can rewrite equation 1 as 

A it = PTQit + apTQ lt -i + a 2 pTQ, t -i + a 3 pTQ it . 2 + . . . + error it 
and, after rearranging terms, as 

A it = PTQit + a(pTQ it _i + aPTQ it .2 + a PTQ it -3 + . . . ) + error it 
Given that the expression within the parenthesis is simply Aj t -i, we end up with 
Ait= PTQit +aAit_i + erropt. 

Thus, the effects on current achievement of the student’s prior teachers are captured by 
the lagged achievement term. If the prior year achievement has no effect on current 
achievement, the persistence coefficient, a, would be zero. 

Models of this form, which are typically referred to as value-added models, are 
commonly used in the literature to estimate p, namely the effect of current teachers on 
current achievement. Their popularity comes largely from their simplicity and intuitive 
appeal. Logically, it makes sense that one would want to control statistically for the 
achievement, or knowledge, that the student brings to the classroom at the beginning of 



8 




